SUMMARY, 1. The European rabbit flea Spilopsyllus cuniculi (Dale) bred successfully in wild rabbits on three properties in New South Wales and, within two breeding seasons, almost every rabbit shot within a quarter of a mile of a release site was infested.
INTRODUCTION
Myxomatosis is still of considerable economic importance in Australia, although the way it kills rabbit populations is less dramatic than it was when myxoma virus was first released in 1950. The transmission of myxomatosis has been mainly by mosquitoes (Fenner & Ratcliffe, 1965) . Because they confer a selective advantage on attenuated 'field strains' of virus and because they are most prevalent in the hot months, during which rabbits have the best chance of recovery from myxomatosis (Mykytowycz, 1956; Marshall, 1959) , mosquitoes are not ideal vectors of virus for rabbit control. Further, the presence of mosquitoes in numbers large enough to cause intense annual epizootics has a restricted geographical distribution. In many of the more elevated areas -on the northern tablelands of N.S.W., for examplemosquito-induced intense epizootics have been as infrequent as one year in four. There is evidence (R. T. Williams, personal communication) that the mite Listrophorus gibbus (Pagen) may be the vector responsible for winter epizootics in the Snowy Plains and Canberra areas. This mite is widespread throughout Australia and is thus probably part of the ecological background to any field studies of the flea.
The reintroduction of virulent virus into the field has been of limited value since it has not been able to maintain itself there (Fenner, Poole, Marshall & Dyce, 1957) . To obtain the maximum usefulness from a reintroduction of virulent virus, it has been necessary to time the release of virus to coincide with mosquito activity and to release the virus on a wide scale (G. W. Douglas, personal communication) . These procedures are likely to prove beyond the powers of the average landholder.
As early as 1956 the usefulness of inoculation campaigns to reintroduce virulent virus into the field came into question. Although it was conceded that, under favourable conditions, such campaigns could be useful, it was felt that it would be most profitable to allow myxomatosis to run its course and direct available resources into poisoning and other conventional methods of control (Fenner & Ratcliffe, 1965) .
There seems every reason to believe that a better vector would improve the usefulness of myxomatosis in rabbit control, particularly if the vector were less limited by seasonal and geographical variation than the mosquito. In Britain the European rabbit flea Spilopsyllus cuniculi (Dale) is considered to be the principal vector for myxomatosis (Lockley, 1954; Armour & Thompson, 1955) . Fleas are present on rabbits throughout the year (Allan, 1956) , with the result that myxomatosis can be active throughout the year. In Kent 1964-7 at least 20% of each quarter year sample had virus (Vaughan & Vaughan, 1968 ). An understanding of the life-cycle of the flea by Mead-Briggs & Rudge (1960) enabled fleas to be bred in captivity. With the aid of this knowledge, the flea was introduced into Australia in 1966 (Sobey & Menzies, 1969) and released from quarantine restrictions in 1968.
Studies to determine how readily the flea would establish in the field were begun in June 1968. The present paper is an account of observations made during the 2 years following the release of the flea into wild rabbit populations.
MATERIALS AND METHODS Experimental areas
Fleas were released on three properties in New South Wales: On 'Millambri' a standard walk count (Myers, 1954; Rowley, 1968) was used as an estimate of population density. The same walk of about 1 mile, covered between 4.30 and 5.00 p.m., was made on each occasion. On 'Wing Vee' and 'Longford' counts were made by spotlight at night from a vehicle at a speed not exceeding 7 m.p.h. and expressed as rabbits per spotlight mile. Spotlight counts are much affected by the abundance of vegetation (B. Cooke, personal communication) . Seasonal variation in vegetation cover can account for a two-or threefold variation in the number of rabbits counted.
Viruses
Two strains of virulent virus cloned in our laboratory were used: Glenfield (G.V.) strain no. 5 and Lausanne (Lu) strain no. 7: strain numbers according to Fenner & Marshall (1957) . Virus samples collected from the field were passaged once and classified as 'virulent' or 'field strain' according to the type of lesion resulting from their subsequent intradermal inoculation into the shaved back of an unselected laboratory rabbit. Occasional checks on the classification of viruses as virulent, were made by noting survival time (S.T.); in no case did survival time contradict lesion-type assessment. Since virulent virus is seldom recovered from the field (Fenner & Chappel, 1965) , any virulent virus recovered during the present study was regarded as having originated from releases made during the study.
After 1967 virus was disseminated on 'Millambri' and 'Wing Vee' by releasing infected fleas and on 'Longford' by inoculation via the eye of trapped rabbits that were then released (Sobey, Conolly & Adams, 1967) . Fleas were infected by allowing them to probe skin, rich in virus, which had been prepared by scarifying as described by Rivers & Ward (1937) . The skin was removed from the back of a rabbit 7 days after infection, stored at -600 C. and thawed and warmed to 370 C. before feeding the fleas. Random samples from the infected fleas were tested for infectivity by feeding each flea on a marked area of the shaved back of an unselected domestic rabbit and noting the number which initiated lesions. Batch infectivity varied between 20 % and 80 % with a mean of 45 %.
Rabbits were caught for infection via the eye by two methods: (1) Trapping. Rabbits were trapped in gin-traps and the least damaged rabbits infected and released. Mature female rabbits were destroyed. On average, about 70 % of the rabbits caught were inoculated.
(2) Spotlight. Rabbits caught in the beam of a spotlight mounted on the head of the operator could be immobilized by firing a shot from a 0-22 rifle an inch or two above the rabbit's head; the operator keeping the beam on the rabbit could then walk up to the rabbit and capture it.
Shot sample
Periodically, a sample, shot during the day or at night by spotlight, was taken from each property. A shot rabbit was collected immediately and combed for fleas.
Only the head and ears were combed and only for 1 min. In Britain fleas were 333 W. R. SOBEY AND DOROTHY CONOLLY found in numbers on the body for only about a fortnight during the whole year (Allan, 1956 ). Allan found most ofthe fleas on the ears (80 %) whereas in the present study fleas were found mainly on the head. A blood sample was taken from each rabbit (Sobey, Conolly & Adams, 1966) . Sex was recorded and the abdominal cavity of all female rabbits was opened and the uterus exposed; where foetuses were present their age was estimated. Lactation (L) was also recorded. The testes of males were scored as exposed or withdrawn. Where present, virus was noted and sampled by taking an eyelid. Age was initially scored as adult or sub-adult on the basis of size. This classification was too coarse to give information about population age distribution and in the samples taken in the later part of the study age was determined by eye-lens weight (Lord, 1959; Myers & Gilbert, 1968 
RESULTS

Millambri
In each of the years 1966 and 1967, during the months October, November and December, about 500 rabbits were trapped across the whole property, inoculated via the eye with G.V. virus and released. Severe mosquito-borne epizootics occurred in December/January of both years, reducing the rabbit population in each case by an estimated 80-90 %. However, no G.V. virus was recovered during the course of either epizootic, thus confirming the findings of Fenner et at. (1957) that mosquitoes as vectors confer an overwhelming selective advantage on moderately attenuated strains of virus. In spite of the quite spectacular kills, sufficient survivors remained to ensure a resurgence of rabbits in the spring of 1967 and 1968.
Observations on fleas were made in a single paddock, 'Oak Hill', of about 500 acres which was inaccessible to vehicles and free from stock during the period of observation. No poisoning or other conventional forms of rabbit control were undertaken during the period of observation. The paddock is intersected by Flea-borne myxomatosi8 in Australia numerous steep gullies and has a large, very steep, rocky outcrop at one end, from which it derives its name of 'Oak Hill'. From the base of the hill the paddock slopes up to a wooded rocky escarpment. The soil is shaley and not well grassed. There were numerous extensive rabbit warrens, particularly near the centre of the paddock in the region of two earth dams. The walk over which the count was made extended around the rocky outcrop to and from the dams. Fig. 1 . One hundred fleas were introduced into each of five major warrens in and around the area of the dams near the centre of the paddock. Fleas were found on rabbits from a shot sample in November, at which time Lu virus was released by the introduction of 400 infected fleas. Of nine rabbits shot in December seven had fleas and two ofthose with fleas were infected with Lu virus. W. R. SOBEY AND DOROTHY CONOLLY During January 1969 there was an epizootic probably involving mosquitoes from which only attenuated field strains were recovered and the proportion of rabbits with fleas fell to two out ofthirty-eight sampled. In February 1969 the proportion of rabbits with fleas was still low, but subsequently, and coinciding with the 1969 breeding season, the proportion increased linearly with time until February 1970, when almost every rabbit shot had fleas. Infective fleas were distributed in Oak Hill in September and October 1969. The eight virus samples collected in September and October were all Lu virus. In January 1970, at the height of the epizootic, Lu virus was recovered from some of the infected animals, but in February all the virus recovered was attenuated field-strain. Throughout the 1969 breeding seasonthe shot samples contained fewer susceptible animals than from the previous year and this could be attributed to the fleas transmitting the virus to the young animals before they entered the count. In October 1968 58% ofthe shot sample was adult and in October 1969 84% was adult.
The salient features of the data presented in Fig. 1 are (1) 
Although the shot sample from Braziers was not separated in relation to these two transects, it was observed that the percentage of rabbits with fleas increased more rapidly in the area of Route 2 than Route 1. Running parallel to a non-rabbit 1968 1969 1970 . netting fence, Route 1 was more prone to changes due to the movement of rabbits from untreated areas. Fleas were released in a number of paddocks along the transect route late in the 1968 breeding season, and before the middle of the 1969 breeding season almost every rabbit shot in these areas had fleas. In three areas, Davis A, Davis B and Hoppin' Charlie, which had a different history of flea release, the build-up of fleas was slower and it was not until the end of the 1969 breeding season that flea infestation reached very high levels. Changes in the rabbit spotlight count, expressed as a fraction of the June count in relation to the build-up in rabbits infested with fleas, are illustrated in Table 1 Flea-borne myxomatosis in Australia 1969. In spite of these general trends, the four paddocks which had a high percentage of rabbits with fleas early completed the year with a decreased count. In the three paddocks where high flea infestation was late the counts increased rapidly at a time when pasture density would have been depressing the count. All three showed a marked fall in count when the percentage of rabbits with fleas became high.
Where virulent virus was introduced into the field via infected fleas it was recovered from infected rabbits shot a month later, as shown in Fig. 3, from found with more than 100 fleas. The very high numbers, greater than 700 fleas per rabbit, are in excess of the highest numbers, 450 fleas per rabbit, reported by Allan (1956) from rabbits captured in Scotland. 
DISCUSSION
Within two breeding seasons the fleas released on each of three properties in New South Wales multiplied to a point where almost every rabbit shot within at least a quarter of a mile radius of a release site was infested with fleas. When, within a given area, the number of rabbits infested with fleas reached a high level, it remained high. The number of fleas per rabbit was highest during the breeding season, particularly on the ears and heads of pregnant does. The highest numbers per rabbit counted were in excess of those reported by Allan (1956) in Scotland. During the hot summer months fleas were particularly active and often deserted a shot rabbit within minutes.
There is no doubt that the flea transmits virus in the field. Virulent Lu virus was recovered from the field in areas where it had been introduced only via infected fleas and during the build-up of flea populations there was a very strong association between fleas and the presence of virus of all kinds, no virus being found in 57 rabbits that had no fleas, whereas out of 163 rabbits with fleas 34 had virus. The data presented suggest the long-term usefulness ofthe flea as an aid in rabbit control. It is interesting that in the areas on all three of the properties where the flea has been established, by the beginning of the breeding season, the rabbit population showed no increase over the period of a year in spite of a normal breeding season, and that whereas before the flea reached high numbers there was a steep increase in the rabbit count during each breeding season, there has been no such rise since.
With the introduction of the flea to assist in rabbit control in Australia it seems that its most immediate use would be in maintaining low rabbit populations following 1080-poisoning as illustrated by the results from Longford. It is not clear from the data whether the reintroduction of virulent viruses into areas where the flea has been established is of value in rabbit control. However, it has been demon-strated that virulent virus can be reintroduced and maintained for some time in the field, and it is suggested that such reintroduction might be most useful from a control point of view during the breeding season, when both the flea and susceptible rabbits are abundant and the colder weather will favour a high mortality. 
